This study was aimed at isolating endophytic bacteria from Zea mays L. that have potential as phytase enzyme producers. Isolation and screening were performed using the Phytase Selective Media (PSM) medium. Bacteria that grew and formed a clear zone around the colony on the media were indicated as phytase-producer bacteria. The isolates with the highest phytanic index were further characterized based on morphology and physiological properties, then molecularly identified based on a 16S-rRNA analysis. Based on the results of Zea mays L. endophytic bacterial screening, bacterial isolate HF.7, was shown to be qualitatively able to produce phytase and can be developed as a phytase producer. Based on morphological and biochemical characterization, HF.7 belonged to the Burkholderia genus. Further molecular identification with 16S-rRNA analysis revealed that HF.7 isolate had 99% similarity with Burkholderia lata.
Phytic acid (C 6 H 18 O 24 P 6 ) is the main form of phosphorus storage in seeds as well as other plant tissues of cereal plants and is an anti-nutrient compound in poultry-based feed ingredients. Phytic acid compounds are chelated because of their constituent minerals such as calcium (Ca), iron (Fe), zinc (Zn), magnesium (Mg), manganese (Mn) and copper (Cu), and proteins. Phytic acid-protein and phytic acid-mineral complexes are insoluble and cannot be digested by monogastric animals, due to a lack of phytic acid hydrolysis enzyme in the gastrointestinal tract, thereby decreasing the nutrient value of feed ingredients consumed.
The negative effects of the lack of availability of phosphorus and other minerals bound by phytic acid can be reduced it by degrading the phytic acid bonds by hydrolysis via the phytase enzyme. Phytase (Myo-inositol hexakisphosphate phosphohydrolase) can hydrolyze the phosphodiester bonds of phytic acid, producing inorganic phosphate and phosphate ester 1 .
Phytase can be obtained from various sources, such as plants, fungi, bacteria, and the rumen of ruminant livestock. Bacterial phytase has a higher activity than phytase from animals and plants. Bacterial cells are relatively easier and faster to grow, can be grown independent of season, and have a uniform quality. Based on these advantages, further research for a phytase resource is very important because each enzyme source has different characteristics. A previous study showed that that the plant-derived phytase had a lower specific activity than microbe-derived ones. It is expected that phytase derived from microbes can be applied in the production of poultry feed 2 .
Utilization of microbial phytase in the production of monogastric animal feed has been reported in different studies by Barabara et al. 3 . The utilization of phytase is effective in increasing phosphorus availability and thus reducing phosphorus pollution in the environment. Several phytase enzymes from bacterial strains have been isolated, cloned, sequenced, and expressed, for example, from Escherichia coli, Bacillus sp., B. amyloliquefaciens, Lactobacillus amylovorus, Selenomonas ruminantium, Klebsiella pneumonia, K. oxitoca, K. aerogenes, and K. terrigena 2, [4] [5] [6] [7] The endophytic bacteria are a group of unique bacteria that have a natural habitat within the plant tissue. Various of their secondary metabolites have been exploited, but their use is still limited in animal husbandry. The potential of endophytic bacteria of Zea mays L. as phytase producers are based on the presence of phytic acid in all of the plant's organs, such that associated endophytic bacteria should produce phytase to obtain phosphorus for their metabolic needs. This study aims to isolate and identify endophytic bacteria from Z. mays in an attempt to obtain the potential diversity of potential phytase enzyme sources.
MATERIALS AND METHODS
The materials used in this study were Z. mays plant organs, including roots, stems, leaves, and seeds that were 80-110 days old. Other materials used were Luria Bertani (LB) Media, sterile distilled water, Phytase Selective Medium, universal primer (63F and 1387R), DNA template, DNA extraction kit (PrestoTM Mini gDNA Bacteria Kit), proteinase K, lysozyme, Gram(+) buffer, Gram(-) buffer, GB buffer, W1 buffer, wash buffer, elution buffer, absolute ethanol (96%), Master Mix PCR Kit, Tris borate EDTA (TBE) 10x, DNA ladder 100 bp, loading dye, agarose, ddH2O, ethidium bromide, gloves and mask, spirtus, 70% alcohol, 96% alcohol, sodium hypochlorite, and the gram staining reagents crystal violet, iodine, acetone alcohol, safranin, and methylene blue.
Isolation and Screening of Endophytic Bacteria producing Phytase
As noted above, Z. mays plant organs, including roots, stems, leaves as well as Z. mays seeds aged 80-110 days were used. After cleaning with tap water, organs were sterilized by immersion in sodium hypochlorite solution for 2 minutes, then 70% ethanol and 96% ethanol for 2 minutes each, then rinsed with sterile distilled water twice. Samples were cultivated on the media; if no colonies grow, the colonies grown from the sample of plant organs can be confirmed as endophytic bacteria. Each sample was crushed with mortar and pestle to obtain 10 g of sample powder. Samples were cultivated in LB broth medium, and incubated in a rotary shaker for 1 × 24 hours. The cultivation yield was serially diluted until 10 -8 , the last three dilutions (10 -6 , 10 -7 ,10 -8 bacteria/mL) were inoculated on LB agar medium at 37 ÚC for 24 hours. The growing colonies were then purified and screened on PSM selective media at 37 ÚC for 24 hours. Bacteria that grew and also formed a clear zone around the colony were indicated as phytase-producing bacteria. Isolates with a high phytic index (ratio of the highest diameter of the clear zone and bacterial colony diameter) were then selected for further identification.
Characterization and Identification of Bacteria
Isolates with the highest phytic index were characterized by macroscopic and microscopic observations and biochemical tests. The selected isolates were identified molecularly using a 16S rRNA gene marker. Bacterial DNA was extracted using a Geneaid kit. The DNA was amplified using PCR Universal 63f primer and 1387r reverse primer. The PCR cycle consisted of 3 stages including denaturation, annealing, and extension. The pre-denaturation stage was performed at 94 °C for 2 minutes, then denaturation at 94 °C for 1 minute, annealing at 58 °C for 45 seconds, extension at 72 °C for 90 seconds for 35 cycles, followed by end extension temperature of 72 °C for 5 minutes and a final hold at 4 °C.
PCR results were observed using electrophoresis tools using a 100 bp marker to analyze the DNA bands of the sample. The result of electrophoresis was sequenced to find out their 
RESULTS AND DISCUSSIONS
A total of 21 endophytic bacteria that were isolated from roots, stems, leaves and seeds of Z. mays plants were screened on PSM selective media, and ten high-phytate isolates were selected for identification and further screening. The phytic index of each isolate is presented in Table 1 . Table 1 , the highest phytic index was obtained from a bacterial isolate from Z. mays root, which is similar to previous studies. This is influenced by the physiology of plant roots that play a role in absorbing nutrients and naturally have a special mechanism in terms of nutrient distribution (phosphorus) that binds to phytic acid for plant growth. Phytic acid is hydrolyzed to be absorbed as phosphorus before entering the stems and leaves. The ability of endophytic microorganisms to produce secondary metabolites (enzymes) in accordance with the physiology of host plants 8 .
Based on
All of the selected isolates were Gramnegative cocci. This finding is similar to some studies suggesting that the bacteria producing phytase are generally Gram-negative. Biochemical test sequences, as well as the morphological characteristics and properties of Gram isolates, lead to the characteristics of the genus Burkholderia. Biochemical test results of selected isolates are presented in Table 2 . The isolate of the highest phytase-producing bacteria, isolate HF.7, produced circular colonies on LB media, yellowish white color, raised colony elevation, entire edge, and crimped surface.
The results of electrophoresis of the 16S-rRNA gene amplification product from the HF.7 bacterial isolate are presented in Figure 1 .
Based on the similarity between sample sequence and GenBank data, isolate of HF.7 bacteria has 99% similarity with Burkholderia lata. The results of the phylogenetic analysis showed that isolate HF.7 had the closest genetic relationship with Burkholderia lata strain 383 with 0.01 genetic distance (close) and 100 bootstrap value (Figure. 2). The bootstrap value is the parameter of the model data quality. If the bootstrap is low, then sequences should be excluded from the analysis to obtain a reliable phylogeny tree 9 .
The Burkholderia genus was reported as an important endophytic bacterium in rice, Zea mays and sugarcane 10 . The Burkholderia genus was also reported as a phytase-producing bacteria 11 . Thus, B. lata has the potential to be further developed as phytase source by optimizing their production in vitro.
CONCLUSION
Based on the results of Zea mays endophytic bacteria screening, bacterial isolate HF.7, qualitatively had the ability as a phytase producer and had potential to be developed as phytase source. Morphological and biochemical characterization indicated HF.7 could be classified in the Burkholderia genus. Molecular identification analysis further indicated that HF.7 isolate had 99% similarity with B. lata.
